Endoscopic perforator vein division with ablation of superficial reflux improves venous hemodynamics  by Rhodes, Jeffrey M. et al.
Minimally invasive, subfascial endoscopic perfo-
rator surgery (SEPS) has been shown to be safe and
effective during short-term follow-up periods for the
treatment of advanced chronic venous insufficien-
cy.1-3 In a prospective randomized study, SEPS had
significantly fewer perioperative complications than
the open Linton operation, but was equally effective
in achieving and maintaining venous ulcer healing
during a mean follow-up period of 21 months.4
Rapid early ulcer healing was reported in the North
American SEPS (NASEPS) registry study.2,3,5 Based
on the data of multiple studies, SEPS achieves ulcer
healing up to 4 times faster than medical therapy
alone.2,3,5-7
Despite initial success and increased use of SEPS
for the treatment of chronic venous insufficiency
and venous ulcers in the United States and abroad,
long-term outcome and rate of ulcer recurrence are
still unknown. In addition, the view that hemody-
namic improvements can be achieved with isolated
perforator interruption remains controversial,
despite valuable data published on this subset of
patients.8,9 In post-thrombotic patients, functional
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Purpose: Hemodynamic consequences of incompetent perforator vein interruption have
not been well documented. The effects of perforator interruption, with or without abla-
tion of superficial venous reflux, on venous function in patients with advanced chronic
venous insufficiency was studied.
Methods: Calf muscle pump function, venous incompetence, and outflow obstruction
were assessed by means of strain-gauge plethysmography (SGP) before and within 6
months after subfascial endoscopic perforator surgery (SEPS). SEPS was performed
with laparoscopic instrumentation and CO2 insufflation. Concomitant high ligation or
saphenous vein stripping was performed in 24 limbs (77%).
Results: Twenty-six patients, 18 women and 8 men, with a mean age of 50 years (range,
20 to 77 years) underwent SEPS. Preoperative evaluation confirmed superficial reflux
in 65% of limbs, deep venous reflux in 77% of limbs, and perforator incompetence in
97% of limbs. All limbs had advanced venous dysfunction (C3, C4, C5, C6). All active
ulcers (C6, n = 12) healed after surgery (mean, 32 ± 3 days), and only 1 recurred dur-
ing a mean follow-up period of 11 months (range, 1 to 43 months). Clinical score
improved from 6.58 ± 0.50 to 2.19 ± 0.25 (P < .0001). Improved calf muscle pump
function was demonstrated by means of postoperative SGP and was indicated by
increased refill volume (RV: 0.27 ± 0.06 vs 0.64 ± 0.10 mL/100 mL tissue, P < .01).
Venous incompetence also improved, as evidenced by prolonged duration to refill after
exercise (T90: 7.71 ± 1.20 vs 16.71 ± 1.98 seconds, P < .001) and a decrease in RV after
passive drainage (3.23 ± 0.19 vs 2.63 ± 0.15 mL/100 mL tissue, P < .01). Improved
refill rate (RR) correlated with improvements in clinical scores (P < .01, r = 0.77). 
Conclusion: SEPS with ablation of superficial reflux improved calf muscle pump func-
tion, reduced venous incompetence, and produced excellent midterm clinical results.
However, functional improvement directly related to SEPS requires further investiga-
tion. This study supports adding SEPS to ablation of superficial reflux in patients with
advanced chronic venous insufficiency.  (J Vasc Surg 1998;28:839-47.)
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improvement after perforating vein ablation was not
noted by some investigators.10,11
The clinical and hemodynamic effects of inter-
ruption of incompetent perforators in patients with
advanced chronic venous insufficiency was investi-
gated. Because two thirds of our patients had docu-
mented superficial incompetence, the combined
effects of perforator and superficial reflux ablation
were studied primarily. An attempt was also made,
however, to examine the relative contribution of
perforator vein interruption to clinical and hemody-
namic improvements.
PATIENTS AND METHODS
We analyzed the clinical and hemodynamic data on
31 limbs of 26 patients (18 women and 8 men) who
underwent both preoperative and postoperative strain-
gauge plethysmography (SGP) studies performed
within 6 months after operation. Hemodynamic data
from 21 contralateral, nonoperated limbs were used
for comparison. This report conforms to the standards
outlined by the International Consensus Committee
on Chronic Venous Disease.12
The technique of SEPS was described earlier.1,7
Briefly, perforator incompetence is confirmed by
means of duplex scan, and sites of the competent
and incompetent perforators are mapped preopera-
tively. Perforator incompetence was defined as out-
ward flow longer than 0.3 seconds in duration 
during the relaxation phase after calf compression,
when the patient is in a 60° to 80º near-upright,
non–weight-bearing position. Deep and superficial
incompetence were defined as retrograde flow for
more than 1.0 second. The operation is performed
with a bloodless field, obtained with a thigh tourni-
quet, with a constant inflation pressure of 300 mm
Hg. Two 10 mm endoscopic ports are placed into
the posterior superficial compartment of the calf,
through 2 short incisions in the proximal medial
aspect of the calf, remote from skin changes.
Perforating veins are interrupted with endoscopic
clips and divided by scissors; small caliber perforators
(less than 2 mm) are divided with the harmonic
scalpel.13 Paratibial fasciotomy is performed to
expose perforators under the deep fascia. Because
paratibial perforators may be missed with preopera-
tive duplex mapping, we now routinely perform
paratibial fasciotomy. 
SGP was performed with a modified protocol of
Struckmann, which has been previously validated by
means of comparison with simultaneously recorded
ambulatory venous pressure measurements.14–16
Mercury-in-Silastic strain gauges were applied bilat-
erally to the lower limbs just proximal to the malle-
olus as a means of assessing calf muscle pump func-
tion and venous incompetence or around the calf as
a means of assessing venous outflow. After internal
calibration (1% change is equivalent to a volume
change of 1 mL/100 mL of tissue), simultaneous
bilateral recordings were performed (Phlebotest,
Eureka Medical Lab, Bromma, Sweden). SGP con-
sists of exercise venous plethysmography (EVP), pas-
sive refill and drainage (PDR), and strain-gauge out-
flow plethysmography (SGOP). EVP is performed
with the patient sitting upright on a tilt table, with
the lower extremities in a non–weight-bearing posi-
tion. After equilibration, 15 active ankle dorsiflexion
maneuvers are performed at a rate of 1 every 2 sec-
onds. The expelled volume (EV, mL/100 mL tis-
sue) from the ankle by calf activity is recorded, fol-
lowed by both the refill volume (RV, mL/100 mL
tissue) and the time to refill 90% of the expelled
blood volume (T90, seconds). RV is used to assess
calf muscle pump function.16 Use of the 90% refill
time minimizes the error associated with locating
the point of 100% return.17
During passive drainage and refill, the patient is
tilted to the full recumbent “sitting” position, with
the hips flexed and slightly abducted and the knees
bent to no greater than a 45° angle. After 15 sec-
onds of passive drainage, the patient is returned to a
near-erect, non–weight-bearing position, and the
volume returning to the calf is determined (RV,
mL/100 mL tissue). The time to return 50% of the
volume drained is also determined (T50, seconds).
The slope of the refill curve is calculated to yield the
refill rate (RR, mL/100 mL tissue/minute), analo-
gous to the venous filling index of air plethysmogra-
phy. Passive drainage and refill and T90 assess over-
all venous incompetence.
SGOP assesses presence and degree of outflow
obstruction. With the patient in a recumbent posi-
tion, with calves elevated and supported, a thigh cuff
is inflated to 60 mm Hg. When maximal calf diame-
ter is reached, the cuff is deflated over 4 seconds.
The maximal volume (V, mL/100 mL tissue) before
cuff deflation, the expelled volume at 4 seconds after
the start of cuff deflation (EV4, mL/ 100 mL tis-
sue), and the outflow rate in the first second after
cuff deflation begins (F1, mL/100 mL
tissue/minute) are determined. An F1 rate of more
than 50 mL/100mL tissue/minute and a EV4/V
ratio of more than 0.60 (ie, 60% of the maximal vol-
ume leaving the calf in 4 seconds) are considered
consistent with free venous outflow. If both of these
rates are less then the stated values, venous outflow
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obstruction is present; if only 1 rate is abnormal, the
test is considered equivocal. 
Statistical analysis. All numerical data are
expressed as the mean ± SE of the mean. Categorical
data were compared with Fisher’s exact test or c 2
test. Correlation and linear regression analysis were
determined for changes in each hemodynamic vari-
able compared with changes in clinical score for
each limb. A P value less than .05 was considered
significant.
RESULTS
The 26 patients, 18 women and 8 men, had a
mean age of 50 ± 3 years (range, 20 to 77 years).
Thirty-one SEPS procedures were performed; 5
patients underwent bilateral operations. Twelve
limbs had active ulcers (C6); 13 had healed ulcera-
tions (C5); 5 demonstrated skin changes of pigmen-
tation, eczema, or lipodermatosclerosis (C4); and 1
had edema (C3). By means of preoperative duplex
scanning (n = 30) or ascending and descending
phlebography (n = 8), superficial reflux was con-
firmed in 20 limbs (65%), deep venous reflux was
confirmed in 24 limbs (77%), and perforator incom-
petence was confirmed in 30 limbs (97%).
Incompetent perforating veins in 1 limb with active
ulceration and clinical evidence of perforator incom-
petence were not identified by means of venography.
Reflux was the major pathophysiology of chronic
venous insufficiency in 29 limbs, and reflux with
obstruction was the major pathophysiology of
chronic venous insufficiency in 2 limbs; no limb
demonstrated obstruction alone. The etiology of
venous insufficiency was primary valvular incompe-
tence in 24 limbs (1 patient with congenital venous
malformations was included in this group), and the
etiology of venous insufficiency was post-thrombot-
ic syndrome in 7 limbs. Limbs were classified as hav-
ing primary valvular incompetence if they lacked a
documented history of deep venous thrombosis
(DVT) or if no evidence of prior DVT was found by
means of duplex ultrasonography or venography.
Perforator vein interruption with concomitant
saphenous vein stripping and high ligation was per-
formed in 22 limbs (11 knee-to-ankle, 10 ankle-to-
groin, and 1 lesser saphenous). Concomitant high
ligation without stripping was performed in 2 limbs.
Any limb with either clinical or duplex evidence of
superficial incompetence underwent saphenous abla-
tion. Six limbs underwent perforator interruption
with avulsion of varicosities, and perforator vein
interruption alone was performed in 1 limb. An aver-
age of 5.1 ± 0.3 (range, 3 to 11) perforating veins
were divided per limb. All patients were discharged
within 24 hours after their operations. Complications
included wound dehiscence in 3 limbs and cellulitis,
saphenous neuralgia, hematoma, and superficial
thrombophlebitis each in 2 limbs. Superficial throm-
bophlebitis occurred in venous tributaries after strip-
ping or avulsion. DVT developed during the imme-
diate postoperative period in 1 patient with known
deep venous obstruction, and readmission to the
hospital was required. 
During a mean follow-up period of 11.3 months
(range, 1 to 43 months), all ulcers healed (mean, 32
± 3 days; median, 31 days; range, 14 to 59 days),
and 1 ulcer recurred at 8.5 months (Fig 1). Clinical
results were excellent in 23 limbs (74%), improved
in 7 limbs (23%), and the outcome was worse in 1
limb (3%). The mean clinical score improved from
6.58 ± 0.50 (range, 3 to 14) to 2.19 ± 0.25 (range,
1 to 6, P < .0001), and the clinical outcome score
was 2.26 ± 0.14 (range, –1 to 3; scale, –3 to 3; with
no change = 0; asymptomatic = 3). Ulcer healing
with minimal recurrence accounted for a significant
improvement in clinical classes (Table I). 
Postoperative SGP was performed an average of
73 ± 8 days (range, 13 to 173 days) after surgery. Calf
muscle pump function improved in the operated
limbs, indicated by means of a significant increase in
postoperative RV after exercise (Fig 2). Normal RV
values (‡ 0.7 mL/100 mL tissue) were found in 46%
of the limbs (13 of 28) postoperatively, compared
with 11% (3 of 28) before surgery (P < .01). Normal
RV values were found in 8 of 18 nonoperated limbs
(44%), both preoperatively and postoperatively.
Significant improvement after surgery was also
shown by means of hemodynamic parameters of
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Fig 1. Ulcer healing and recurrence after SEPS with or
without correction of superficial reflux. The number of
limbs at risk is indicated in parentheses for each time point. 
venous incompetence (all T90 values were abnormal
in operated limbs before surgery, P < .01). A normal
T90 was seen in 6 of 18 (33%) nonoperated limbs.
Operated limbs also showed improvements in T50
(11.4 ± 0.8 to 19.4 ± 1.3 seconds, P < .0001) and
RV (3.23 ± 0.19 to 2.64 ± 0.15 mL/100 mL tissue;
P < .01) during PDR. Improvement in mean RR was
seen only in operated limbs (Fig 4). These improve-
ments correlated with improvements in clinical
scores (Fig 5). A normal RR was observed in 3 of 29
limbs (10%) before operation and in 14 of 29 limbs
(48%) postoperatively (P < .01). Normal RR was
found in 42% of nonoperated limbs preoperatively
and postoperatively. 
None of the operated limbs demonstrated obvi-
ous outflow obstruction with plethysmographic
tests, although borderline obstruction was found in
4 limbs (14%) pre- and postoperatively (either F1 ≤
50 mL/100 mL tissue/min, or an EV4/V ratio of ≤
0.60).
To analyze the relative contribution of perforator
ligation, operated limbs were divided into 2 groups:
group 1, SEPS with high ligation with or without
saphenous stripping (n = 24); and group 2, SEPS
only (with or without avulsion of varicosities, n = 7).
Six of the 7 limbs in group 2 had recurrent symp-
toms after previous greater saphenous stripping or
high ligation, and the etiology of venous insufficien-
cy was post-thrombotic in 3 of 7. Group 1 had more
severe disease by preoperative clinical class assign-
ment (P < .05 vs group 2, Table I). Significant
improvements in clinical score and clinical outcome
occurred in both groups (Table II). However,
improvements in calf muscle pump function and
venous incompetence reached statistical significance
in group 1 only (Table III).
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Fig 2. Calf muscle pump function (refill volume) mea-
sured both pre- and postoperatively in the operated (n =
28) and nonoperated contralateral limbs (n = 18). *P <
.01; dashed line indicates normal refill volume ‡ 0.7
mL/100 mL tissue.
Fig 3. Venous incompetence measured by time to refill
90% of calf blood volume (T90) after exercise, both pre-
and postoperatively in operated (n = 28) and nonoperated
contralateral limbs (n = 18). *P < .01; dashed line indicates
normal T90 ‡ 25 seconds. 
Table I. Clinical classification
All operated limbs 
(n = 31) Group 1 (n = 24) Group 2 (n = 7)
Preoperative Postoperative Preoperative Postoperative Preoperative Postoperative
Clinical class n(%) n(%) n(%) n(%) n(%) n(%)
CO-2 0 0 0 0 0 0
C3 1 (3) 1 (3) 1 (4) 1 (4) 0 0
C4 5 (16) 5 (16) 1 (4) 1 (4) 4 (57) 4 (57)
C5 13 (42) 24 (77) 11 (46) 22 (92) 2 (29) 2 (29)
C6 12 (39) 1 (3) 11 (46) 0 1 (14) 1 (14)
P value (pre- < .01 < .001 not significant
vs postoperative)
Clinical classifications: CO, no visible or palpable signs of venous disease; C1, telangiectases or reticular veins; C2, varicose veins; C3,
edema; C4, skin changes (pigmentation, eczema, lipodermatosclerosis); C5, skin changes in addition to evidence of a healed ulcer; C6,
skin changes and an active ulcer.12
Group 1, SEPS with high ligation with or without saphenous stripping; group 2, SEPS only (with or without avulsion of varicosities).
Results were analyzed separately in limbs with
primary valvular incompetence (n = 24) and in post-
thrombotic syndrome (n = 7). Limbs with primary
valvular incompetence demonstrated significant clin-
ical (Tables I and II) and hemodynamic improve-
ments (Table III). Clinical scores and outcomes
improved significantly in post-thrombotic limbs as
well; however, the clinical outcome score was signif-
icantly less in the post-thrombotic group than in
patients with primary valvular incompetence (Table
II). Improvements in calf pump function and in
valvular incompetence in the post-thrombotic limbs
were not statistically significant (Table III).
The effect of deep vein incompetence was also
analyzed. Limbs with deep venous incompetence (n
= 24) demonstrated significant improvements in
clinical parameters, an increase in calf muscle pump
function, and a decrease in venous incompetence
(Table IV). The etiology of deep venous incompe-
tence in this subgroup was primary valvular incom-
petence in 17 limbs and post-thrombotic syndrome
in 7. Incompetence of the popliteal/tibial segments
was found in 20 limbs, 12 of which had it in combi-
nation with ilio-femoral reflux. Improvements in calf
muscle pump function and venous incompetence, in
addition to improvements in clinical parameters,
were documented in this subgroup (Table IV).
Normalization of venous incompetence, as mea-
sured by means of RR, occurred in 10 of 19 (53%)
limbs with popliteal/tibial incompetence (2 of 19
with a normal RR preoperatively, P = .01).
DISCUSSION
Calf muscle pump failure and valvular incompe-
tence are the most frequent causes of ambulatory
venous hypertension. Venous hypertension is respon-
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Fig 4. Venous incompetence (refill rate) measured after
passive drainage both pre- and postoperatively in operated
(n = 30) and nonoperated contralateral limbs (n = 20). *P
< .001; dashed line indicates normal refill rate ≤ 5.0
mL/100 mL tissue/minute.
Fig 5. Correlation between clinical and hemodynamic
improvement (measured by refill rate). All limbs under-
went SEPS with or without correction of superficial reflux
(n = 29). The mean values ± SEM and the results of linear
regression analysis are depicted with 95% confidence inter-
vals. (r = 0.77, P < .01)
Primary valvular Post-thrombotic
incompetence (n = 24) syndrome (n = 7)
Preoperative Postoperative Preoperative Postoperative
n(%) n(%) n(%) n(%)
0 0 0 0
1 (4) 1 (4) 0 0
3 (13) 3 (13) 2 (29) 2 (29)
11 (46) 20 (83) 2 (29) 4 (57)
9 (38) 0 3 (42) 1 (14)
< .01 not significant
sible for the development of stasis skin changes and
ulcerations in patients with chronic venous insuffi-
ciency. There is increasing evidence that most
patients with venous ulcers have multisystem incom-
petence, involving at least 2 of the 3 venous systems:
the superficial, the perforator, and the deep.18,19 This
was supported by our findings, because 77% of our
patients had both deep and perforator incompetence.
Recent data also confirm that isolated superficial
incompetence in patients with ulcers is more frequent
than isolated perforator or deep vein incompetence.
In one series that included 79 limbs with venous
ulcers, 53% of the limbs had superficial incompetence
only.20
There is little controversy about treating patients
who have isolated superficial incompetence with
ablation of the superficial reflux. Clinical and hemo-
dynamic improvement has been demonstrated in
such patients.21,22 There is disagreement, however,
about the importance of incompetent perforating
veins and the need to treat them. Because function-
al studies cannot reliably differentiate perforator
from deep vein incompetence in most patients, the
task of documenting hemodynamic improvements
related directly to perforator interruption remains
difficult. In addition, treating perforator incompe-
tence without ablation of an incompetent superficial
system, a major cause of deep to superficial reflux,
would not be desirable. Therefore, incompetence at
the level of both superficial and perforator veins has
been treated in most patients in reported series,
including ours, and clinical and hemodynamic
improvements in these patients have been studied. 
The role of incompetent perforating veins in the
pathogenesis of venous ulcers has been emphasized
in classic studies by Linton and by Cockett, and the
clinical benefit of perforator interruption was report-
ed subsequently by numerous investigators.1–6
Endoscopic techniques, introduced first in the 1980s
and recently used more frequently, have several
advantages over open techniques. SEPS is performed
under excellent visual control with the help of a video
camera placed into the subfascial space. When per-
forming the operation, only small skin incisions are
made, remote from the sites of lipodermatosclerosis
or skin ulcers. This reduces the risk of wound com-
plications and decreases the need for prolonged hos-
pitalization. Our current series confirmed the
decreased risk of wound complications, when com-
pared with open procedures. The increased risk of
thrombosis is evident in post-thrombotic syndrome,
and perioperative DVT developed in 1 patient with
vena cava occlusion. The clinical benefits in our study
were similar to those reported recently by others and
to early data of the NASEPS registry.2,3,5 In the pre-
sent study, after 31 SEPS procedures, excellent clini-
cal results, with 100% ulcer healing and a 3% inci-
dence of new or recurrent ulceration during a mean
follow-up period of 11 months, were achieved. 
To document the effectiveness of treatment and
compare results of different therapeutic techniques, it
is important to measure venous hemodynamics before
and after treatment and correlate these changes with
clinical outcomes. Improvement in venous hemody-
namics has been measured with a variety of tech-
niques, most frequently by means of foot volumetry;
photo-, strain-gauge, or air plethysmography comple-
mented by bidirectional Doppler studies; or, more
recently, Duplex scanning. At our institution, SGP is
used to measure calf muscle pump function, venous
incompetence, and outflow obstruction. SGP is suit-
able for bilateral, simultaneous measurements and is
less dependent on patient compliance with exercise
than some other plethysmographic methods. Normal
values for SGP have been documented and shown to
correlate with simultaneously recorded ambulatory
venous pressure measurements in both the healthy or
diseased state.16 Another technique used by other
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Table II. Clinical results
Clinical score28 Clinical outcome12
n Preoperative Postoperative P P
All operated limbs 31 6.58 ± 0.50 2.19 ± 0.25 < .0001 2.26 ± 0.14 < .0001
Group 1 24 6.92 ± 0.56 1.92 ± 0.25 < .0001 2.25 ± 0.17 < .0001
Group 2 7 5.43 ± 1.02 3.14 ± 0.59 .01 2.29 ± 0.18 < .0001
Primary valvular incompetence 24 6.58 ± 0.60 1.88 ± 0.18 < .0001 2.42 ± 0.10* < .0001
Post-thrombotic syndrome 7 6.57 ± 0.92 3.29 ± 0.81 .02 1.71 ± 0.47* .01
Group 1, SEPS with high ligation with or without saphenous stripping; group 2, SEPS only (with or without avulsion of varicosities).
Clinical outcomes are compared with a theoretic mean of zero.
*P < .05 primary valvular incompetence versus post-thrombotic syndrome outcomes.
investigators is air plethysmography. Although we
believe that air plethysmography is a useful tool, we
have limited experience with it in our laboratory.
Calf muscle pump function is quantified with
SGP by measuring the volume returning to the calf
after a standard exercise (RV). This is an indirect
measurement of the blood volume pumped out by
the calf. The RV is used because of a greater vari-
ability seen in the direct measurement of the empty-
ing volume with SGP caused by the motion of the
strain-gauges during exercise.14 Venous incompe-
tence is measured by means of the T90 and RR,
analogous to the venous refill time and venous fill-
ing index determined by means of air plethysmogra-
phy. Venous outflow obstruction can also be quanti-
fied by means of SGP. The reproducibility and pre-
dictive value of this technique has been documented
in the literature.14,15
Although most studies, including the NASEPS
registry, lacked sufficient hemodynamic data to sup-
port the clinical results, functional improvement
after perforator interruption has been report-
ed.8,10,23 Bradbury et al used foot volumetry and
duplex scanning as a means of assessing hemody-
namic improvement after saphenous and perforator
ligation in 43 patients with recurrent ulcers.8 At a
median follow-up of 66 months, 34 patients had no
ulcer recurrence, and both expulsion fraction and
half-refilling time, as measured with foot volumetry
and tourniquet occlusion of the superficial veins,
improved significantly. This finding is further sup-
ported by the recent air plethysmographic studies of
Padberg et al.23 They documented persistent hemo-
dynamic improvements, with no ulcer recurrences,
at 2 years after perforator ligation with concomitant
correction of superficial reflux.
Our data confirm that calf muscle pump function
improves and venous incompetence decreases after
SEPS with correction of superficial incompetence.
Normalization of venous incompetence occurred in
up to 50% of limbs studied. Improvement in venous
incompetence was associated with a favorable clinical
outcome.
Bradbury et al found the presence of deep vein
incompetence to be a useful indicator of ulcer recur-
rence,8 a finding that was not confirmed by our
study. We observed significant clinical and hemody-
namic improvement, even in patients who had doc-
umented deep vein incompetence. Differences in the
etiology of deep venous incompetence may explain
the conflicting results. Most limbs in our series had
deep venous reflux based on primary valvular incom-
petence rather than post-thrombotic syndrome,
whereas the etiology was not specified by Bradbury
et al. Widespread use of the CEAP classification may
help resolve some of these controversies.
Although we observed significant clinical
improvement in those patients with post-thrombot-
ic syndrome, the issue requires further studies.
Similar to Burnand et al and Stacey et al,10,21,24 we
were unable to show significant hemodynamic
improvement in these patients. However, the num-
ber of patients studied in this subgroup has been
low, 7 in our series and 8 in the series studied by
Stacey et al. The relative contribution of incompe-
tent perforating veins to hemodynamic abnormali-
ties and venous disease also remains in debate. In a
study using Doppler ultrasound and ambulatory
venous pressure measurements as a means of assess-
ing functional significance of incompetent perforat-
ing veins, 70% of incompetent perforators were
found to be of moderate or major hemodynamic sig-
nificance.25 The authors suggested that variable
results seen previously with perforator interruption
may have resulted from treatment of perforators of
minimal hemodynamic significance. Stacey et al con-
cluded that perforator vein ligation in combination
with saphenous vein stripping/ligation improved
calf muscle pump function, but did not alter venous
reflux as measured by means of foot volumetry.10
This contrasts with our present findings and with
evidence recently reported by several other indepen-
dent investigators.3,23,26,27
Although significant clinical benefit was docu-
mented in limbs treated with SEPS only (with or
without avulsion of varicosities), hemodynamic
improvement in these limbs did not reach statistical
significance. This was most likely because of both the
small numbers in this group and the relative predom-
inance of post-thrombotic limbs. The improvement in
RR, the hemodynamic variable that was shown to
strongly correlate with improved clinical outcomes,
demonstrated a definite trend despite these limita-
tions. It is also logical to assume that perforator inter-
ruption alone results in a lesser hemodynamic
improvement than perforator interruption with con-
comitant saphenous ablation. We conclude that SEPS
with ablation of superficial reflux improved calf mus-
cle pump function, reduced venous incompetence
during the early follow-up period, and produced
excellent midterm clinical results. Presence of deep
venous incompetence did not adversely affect these
improvements. However, post-thrombotic limbs did
not experience significant hemodynamic improve-
ment, and improvement directly related to perforator
interruption does require further investigation. This
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study supports adding SEPS to ablation of superficial
reflux in patients with advanced chronic venous
insufficiency.
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T90 (seconds) Refill rate (mL/100 mL tissue/minute)
Preoperative Postoperative P Preoperative Postoperative P
7.71 ± 1.20 16.71 ± 1.98 .0004 12.07 ± 1.35 5.85 ± 0.66 .0002
8.10 ± 1.39 18.24 ± 2.15 .001 12.85 ± 1.64 5.86 ± 0.79 .001
6.57 ± 2.50 12.14 ± 4.47 Not significant 9.60 ± 2.05 5.83 ± 1.23 .12
7.95 ± 1.33 18.43 ± 2.26 .001 12.64 ± 1.71 5.16 ± 0.73 .0004
7.00 ± 2.78 11.57 ± 3.68 Not significant 10.29 ± 1.38 8.00 ± 1.27 Not significant
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